Background: Involvement of the central nervous system (CNS) by mycosis fungoides (MF) is rare; however, it portends a poor prognosis. While aggressive multimodality therapy may improve outcomes, the role of radiation therapy (RT) is not well defined. Objectives: We sought to explore the efficacy of RT in the management of CNS involvement by MF. Method: We retrospectively identified five patients with MF and CNS involvement who received cranial or craniospinal RT at a single institution. Patient characteristics, disease features, radiographic findings, treatments delivered, and outcome data were extracted from the electronic medical record. Results: All 5 patients had neurologic deficits at RT initiation, and 4 experienced at We observed high rates of radiographic response and palliation of neurological symptoms. Nonetheless, all patients succumbed to their disease shortly after treatment, confirming the poor prognosis of this condition. Our findings suggest that RT may play a valuable palliative role for these patients.
Introduction
Mycosis fungoides (MF) and Sezary Syndrome are the most common forms of cutaneous T-cell lymphoma [1] . The disease can progress to involve extracutaneous sites, most commonly the lymph nodes, spleen, lungs, liver, bone, and kidney [2] . Central nervous system (CNS) involvement by MF is rare. In one series of 680 newly diagnosed cases of MF, 1.3% were found to have CNS involvement during follow-up [3] . In another series of 187 patients with MF, three patients (1.6%) experienced CNS involvement [4] . Although clinically apparent CNS involvement is uncommon, the rates of subclinical involvement may be higher. For example, in deceased patients with MF who underwent an autopsy, CNS involvement was observed in 11-14% of cases [2, 5, 6] . with the meninges more commonly involved than the brain parenchyma [7] .
Outcomes are generally poor for patients with MF involving the CNS, with reported survival times in the range of 3-6 months [8] [9] [10] . Aggressive multimodality therapy may improve the prognosis; however, the role of radiation therapy (RT) is not well defined. We aimed to assess the efficacy of RT in the management of MF involving the CNS. Our primary outcomes were local disease control and palliation of neurologic symptoms. Secondarily, we evaluated survival times after the identification of CNS disease and after the completion of RT.
Case Series
After IRB approval was obtained, we identified all patients with CNS involvement by MF who were treated with cranial or craniospinal RT at a single institution from 2006 to 2016. Patient characteristics, disease features, radiographic findings, treatments delivered, and outcome data were extracted from the electronic medical record.
Results

Patient and Disease Characteristics
Five patients were identified who had CNS involvement by MF and were treated with cranial or craniospinal RT. Their characteristics at initial diagnosis through identification of CNS disease, and at the initiation of RT are presented in Table 1 and Table 2 . The median age at the time of initial biopsy-proven MF was 65 years (34-69 years). Staging at the time of initial diagnosis with MF was IA (1 patient), IB (2 patients), IIB (1 patient), and IVB (1 patient). Before the identification of intracranial disease, 2 patients developed Sezary Syndrome and 4 developed visceral disease involvement. Large cell transformation (LCT) was confirmed in 4 patients at a median time from diagnosis of 3 years (range 0-21 years).
The median time from the initial MF diagnosis to the identification of CNS involvement was 1.4 years (range 1-21 years). In the patient with a prolonged interval of 21 years between the initial MF diagnosis and the identification of CNS disease, LCT occurred soon before intracranial involvement was diagnosed. Neurologic deficits were present in 4 patients when intracranial involvement was identified. The final patient was asymptomatic, with epidural disease in the thoracic spine discovered incidentally on imaging and malignant cells identified in the cerebrospinal fluid (CSF) on a confirmatory lumbar puncture. At the time of diagnosis with CNS involvement, all 5 patients had radiographic evidence of disease. CSF was assessed in 4 patients and contained malignant cells in 2 patients. A biopsy confirmed CNS involvement in 3 patients. When CNS disease was identified, all patients had active cutaneous disease (T1 in 3 patients, T2 in 2 patients). In addition, 4 of 5 patients had extra-cranial, non-cutaneous metastases.
Radiation Therapy Information
Patients received RT at a median of 6.2 months (range 0.5-13 months) after the identification of CNS disease. At the initiation of RT, all 5 patients had radiographic evidence of CNS disease and had neurologic deficits. For 2 patients (cases 1 and 5), RT was the first therapy given after the identification of CNS disease. Three patients (cases 2, 3, and 4) received CNSdirected chemotherapy after the identification of intracranial disease and prior to RT; all 3 of these patients experienced CNS disease progression while on chemotherapy, so salvage RT was recommended.
RT targeted the whole brain (WBRT) to a median total dose of 28 Gy (range 20-30.6 Gy) at a median of 2 Gy/fraction (range 1.6-2). In addition, one patient received a boost to the gross disease of an additional 11 Gy (total dose to gross disease 36 Gy). Three patients were treated to the spine, in addition to the brain, with comprehensive craniospinal irradiation (CSI). In one patient treated with CSI (case 1), the inferior brain, skull base, and cervical spine were excluded from the treatment volume to respect normal tissue tolerance, because this patient had received RT to the scalp, oral cavity and oropharynx previously.
Response to Radiation Therapy
After completion of RT, 4 patients were evaluated by MRI (cases 1-4). In 2 patients (cases 2-3), the MRI revealed complete resolution of all evidence of CNS disease. In 1 patient (case 4), MRI revealed no evidence of disease in the brain and a significant reduction in spinal epidural disease; however, persistent mild enhancement of the cauda equina was appreciated, so residual leptomeningeal disease could not be excluded. In the final patient (case 1), an MRI showed no evidence of disease within the irradiated area; however, CNS disease progressed within the unirradiated gap between the cranial and spinal fields.
All 5 patients had neurologic deficits at the initiation of RT. Of these, 4 experienced at least a partial improvement in these symptoms. One patient (case 4) had a partial radiographic response to CSI without any corresponding symptomatic improvement. Four of the 5 patients with extremity weakness or impaired gait had improvement after RT. All patients with blurry vision (case 2 and 5) and cranial nerve palsy (case 2) experienced symptomatic relief.
The therapies given after RT are summarized in Table 2 . Three patients received additional CNS-directed chemotherapy. Additionally, one patient underwent allogeneic stem cell transplantation with fludarabine and melphalan conditioning.
Two patients experienced CNS disease progression after the completion of RT. As described above, case 1 experienced disease progression within the unirradiated gap in the modified CSI plan. Progression was identified 14 days after completion of modified CSI, when the patient presented with a facial nerve palsy. In addition, case 3 achieved a complete response to WBRT, and then was treated with total skin electron beam therapy and allogeneic stem cell transplantation with fludarabine and melphalan. Subsequently, his disease progressed in the brain, skin, and muscle. Relapse within the brain was first appreciated 4 months after the completion of RT in a region that had received 30.6 Gy.
At the time of last follow-up, all patients had died of MF. The median time to death was 7.4 months (range 1.0-21 months) from their diagnosis with CNS involvement and 1.2 months (range 0.4-7.1 months) from the end of RT.
Discussion/Conclusion
In this series of 5 patients with MF and CNS involvement, we identified high rates of radiographic and clinical disease response to RT. All patients who were evaluated by MRI after the completion of RT achieved at least a partial response in the irradiated area. Furthermore, 4 of the 5 patients with neurologic deficits at the initiation of RT achieved at least a partial improvement in their symptoms. These findings demonstrate an important role of RT to provide local control and palliation of neurologic deficits. The high response rates are consistent with the known radiosensitivity of primary cutaneous lymphoma [11] . Three patients in this cohort experienced CNS disease progression while receiving CNS-directed chemotherapy, prior to treatment with salvage RT; their disease responded to RT, suggesting that CNS MF remains responsive to RT, even if it has been refractory to other CNS-directed therapy.
Despite these high rates of CNS disease response to RT, OS times were short, confirming the poor prognosis of this condition. From the time of identification of CNS disease, the median survival was 7.4 months (range 1.0-21 months); from the time of completion of cranial RT, the median survival was only 1.2 months (range 0.4-7.1 months). These findings are consistent with previously published outcomes of patients with MF involving the CNS, with median survival periods of just six months [6, 9, [12] [13] [14] and only three months in patients treated with RT alone [3, [5] [6] [7] 14] . Nonetheless, prolonged OS is possible. Patients in the literature with the longest reported survival times received aggressive CNS-directed therapy and had limited systemic involvement [8, 9, 13, 15] . Bird et al. demonstrated particularly good survival outcomes of 10,10, 23, and 33 months using temozolamide +/-MTX, with low-dose WBRT. The long-term survivors in that study had no other visceral disease involvement, suggesting that CNS-directed therapy can result in long-term survival in patients with limited extracranial disease [15] . Consistent with these findings, 2 patients in our series experienced survival times >15 months after the identification of CNS disease. These two patients received aggressive multi-modality therapy and had systemic involvement that was limited to bone and/or muscle.
Multiple features of our patients are consistent with other cases in the literature. For example, all patients developed neurologic deficits from their CNS disease, 4 of 5 had visceral organ involvement, and 4 of 5 experienced LCT. Likewise, other researchers have shown that CNS involvement by MF may be associated with severe neurologic deficits and is more common in patients with visceral organ involvement or LCT [3, 6, 7] . In one study, the risk of CNS involvement was associated with T3-4, N3, B1, or M1 stage disease at initial diagnosis. The presence of at least two of these four factors indicated a 15.6% 10-year risk rate of developing CNS involvement. This risk rose to 36% when other (i.e. non-CNS) visceral sites were involved during the clinical course of the disease [3] .
Several patients in this series had unique presentations. Patient 3 had a prolonged time of 21 years between his initial diagnosis with MF and the development of CNS disease, which occurred shortly after LCT was identified. In other reports, CNS disease has been identified earlier, typically within 5 years of the upfront MF diagnosis [5, 8] . Patient 2, who did not have LCT, was asymptomatic at presentation. It is rare for CNS involvement to be an incidental radiographic finding, since it is not screened for in MF. Typically, patients present with neurologic symptoms, such as confusion, nausea, headaches, gait difficulties, lethargy and weak ness [9] .
We conclude that RT is a valuable tool for providing palliation of neurologic symptoms due to CNS involvement in this population. In the setting of extensive CNS disease and/or limited systemic burden, we advocate for comprehensive irradiation of the neuroaxis (i.e. CSI), with the aim of providing durable CNS disease control. However, in the setting of significant extra-cranial disease, survival times are short, so irradiation of a more limited field (ex. WBRT) may be appropriate. Our findings confirm the poor prognosis of MF that has spread to the CNS and suggest the need for aggressive local and systemic therapy, which may extend survival, especially in the setting of limited visceral disease. 
